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[57] ABSTRACT

The invention is directed to a multi-engine drive system
with at least two engines which have a common crank-
shaft. In order to test if both engines are operating prop-
erly, a mutually oppositely directed modulation of the
throttle flap angles of the throttle flaps is caused by a
control unit to occur periodically in the context of a test
function. If this test function causes a change in the
rotational speed of the crankshaft, then this means that
the two engines are no longer operating symmetrically
so that a disturbance is present. In this way, a continu-

ous monitoring of the operation of both engines is pro-
vided.

4 Claims, 2 Drawing Sheets

Mixture Preparation
and lgnition Apparatus

4

Mixture Preparation
and [gnition Apparatus

)



— o3
5 . _

dej

4,773,372

snjeaeddy uoniuby pue

o
e _
uorresedaad aINIXIN _ /] 31311044 L _ _
&
_ ¢ _ ]
- .

i 0l lepad
m- un | | 401213 |3¥330Y

(041U07)
A

g

Sheet 1 of 2

dej 4
91104y |

Sep. 27, 1988

“ E

# I
sniededdy uoijiubg Uc__m
uoijededa.d 24nIxXIW

U.S. Patent



Sheet 2 of 2 4,773,372

Sep. 27, 1988

U.S. Patent

COl4
je—— g —le- 76 e (g — e 78 ——la— (g —
_ P |
] _ “ | “
/ N .
“ “/\/“ | y
_ _
| N _ |
| | _ | |
" _ T — _
| E— _ “ JE—
| - . _/\A./ "/.\An/_ 7
| | | 74 74 |
| _ _ |
_ . “ | | |
]_ “\/n\_ |
_ o \ _ _ e
4 . |



4,773,372

1
MULTI-ENGINE DRIVE SYSTEM

FIELD OF THE INVENTION

The invention relates to a multi-engine drive system
with at least two engines and a common crankshaft or
rigidly coupled crankshafts wherein each engine has its
own mixture preparation apparatus and ignition appara-
tus. In this system, a common control apparatus con-
trols the throttle flaps of both engines.

BACKGROUND OF THE INVENTION
From German published patent application DE-OS

No. 22 55 874 and U.S. Pat. No. 4,231,334, it is known

to drive several engines in combination with a common
crankshaft with the engines each having their own mix-
ture-preparation apparatus and ignition apparatus. This
can relate to a four cylinder V-engine having two mix-
ture-preparation apparatus and two ignition apparatus.
The positioning motors of the throttle flaps are syn-
chronously actuated by a common control. If one en-

gine of such a multi-engine drive system should fail,

then this does not mean that the crankshaft comes to a
standstill; instead, the malfunctioning engine is moved
along by the other engine. For example, in the event of
a failure of the ignition, this can lead to damage of the
engine which is moved along.

SUMMARY OF THE INVENTION

A multi-engine drive system according to the inven-
tion affords the advantage that a malfunction announce-
ment occurs when one of the engines malfunctions so
that the drive system switches off and the occurring
malfunction can be eliminated. In this way, greater
engine damage can be prevented.

An operational disturbance or the malfunction of an
engine can be established in a two-engine arrangement
by varying the position angle of the throttle flap in a
two-engine system. Furthermore, it is possible to ascer-
tain which engine is defective.

'BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference
to the drawmgs wherein:

FIG. 11s a block diagram of a drive system according
to the invention having two engines; and, |

FIG. 2 shows the angular position of the throttle flap
and the rotational speed of the crankshaft both as a
function of time.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The drive system shown in FIG. 1 has two engines (1,
2) with a common crankshaft 3. On the other hand, the
crankshafts of the engines can be rigidly coupled. Sepa-
rate mixture preparation and ignition apparatus (4, 5)
are provided for corresponding ones of the engines (1,
2). The throttle flaps (6, 7) of the respective engines (1,
2) are controlled from a common control unit 8 with
respect to their throttle flap angles (al, a2).

The control unit 8 is coupled with the accelerator
pedal 9 at the input end thereof which transmits the
vehicle speed and acceleration or deceleration desired
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by the driver of the vehicle to the control unit 8 in the

form of an electrical signal. The control unit 8 actuates
the position motors of the throttle flaps 6 and 7 in accor-

2

dance with the desire of the driver in order to cause a
corresponding change in the engine speed.

The crankshaft 3 drives an output shaft 11 via a trans-
misston 10. A rotational speed sensor 12 is mounted in
the region of the crankshaft 3 and delivers an electrical
signal to the control unit 8 corresponding to the particu-
lar rotational speed.

In order to detect operational disturbances which
occur in one of the two engines (1, 2), the control unit
8 applies the periodic test functions (F1, F2) shown in
FIG. 2 to the positioning motors of the throttle tlaps (6,
7). These test functions (F1, F2) effect a modulation of
the throttle flap angles of both throttle flaps (6, 7).
These test functions (F1, F2) are mirror images of each
other and run in mutually opposite directions so that an
increase in speed caused by the modulation in one of the
two engines attempts to effect a speed reduction in the
other engine. However, since the engines (1, 2) are
rigidly coupled via the crankshaft 3, the torque changes
which are caused by the modulation of the throttle flap
angles are cancelled so that no changes in speed of the
crankshaft 3 occur during the undisturbed operation.

In contrast to the above, if one of the two engines is
defective so that this one engine is driven only by the
other engine, an oppositely directed change of the
throttle flap angle of both throttle flaps effects the con-
dition that a corresponding change in torque is devel-
oped only by the properly operating engine; whereas,
no change in torque is effected by the defective engine.
This then causes a corresponding engine speed modula-
tion which is detected by the speed sensor 12 and trans-
mitted to the control unit 8. The control unit 8 recog-
nizes the speed modulation occurring in correspon-
dence to the test function and issues a disturbance sig-
nal. This can occur in a simple manner by means of a
signal lamp.

FIG. 2 shows the throttle flap angles a1 and a2 of the
respective throttle flaps 6 and 7 as a function of time (t).
The course of the rotational speed (n) is shown in the
lowermost diagram of FIG. 2.

During the first operational phase BI, the throttle flap
angles al and a2 are constant so that the speed (n) also
remains constart.

During a second operational phase B2, the throttle
flap angles al and a2 are periodically changed by
means of the test functions F1 and F2 in equal amounts

and in mutually opposite directions. Since the speed (n)

remains constant also in this operational phase B2, the
two engines 1 and 2 are functioning properly.

In a further operational phase B3, a modulation of the
throttle flap angles al and a2 occurs again; however,
the crankshaft speed (n) in this operational phase B3
exhibits a corresponding modulation. This speed modu-
lation is detected by the control unit 8 (FIG. 1) and a
signal is provided indicating the disturbance.

Furthermore, the control unit 8 causes a directed
displacement of the throttle flap angle a2 to occur in
operational phase B4 which causes a corresponding
change in speed. From this it can be concluded that
engine 2 1s functioning properly so that the disturbance
determined previously in operational phase B3 must
obviously be present in engine 1.

A further test to establish which engine is defective is

given in the operational phase BS. Here, a displacement

of the throttle flap angle al is undertaken which, how-
ever, effects no change in speed (n). From this it is
concluded that it is engine 1 which must be defective.
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The periodic test functins F1 and F2 can be super-
posed in form of an amplitude modulation onto the
throttle flap angles al and a2 in more or less longer
time intervals for testing the engine operation.

It 1s understood that the foregoing description is that
of the preferred embodiments of the invention and that
various changes and modifications may be made thereto
without departing from the spirit and scope of the in-
vention as defined in the appended claims.

What 1s claimed is:

1. A multi-engine drive system comprising:

a first engine having a first throttle flap;

a first mixture preparation and ignition apparatus

corresponding to said first engine;

a second engine having a second throttle flap;

a second mixture preparation and ignition apparatus

~corresponding to said second engine;

crankshaft means common to said engines so as to be

driven thereby;
a control unit common to said first and second en-
gines for controlling and modulating the position

- of said first throttle flap with a periodic first test
function F1 and for controlling and modulating the
position of said second throttle flap with a periodic
second test function F2, said second test function
F2 being the mirror image of said first test function
F1; and,

detection means for detecting a modulation of the
rotational speed (n) of said crankshaft means when
one of said engines is defective and to provide a
signal indicative of the defect.

2. The multi-engine drive system of claim 1, said
control unit being connected to said detection means for

receiving said signal and including means for effecting a
change in the throttle flap angle of the other one of said
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4

engines and for evaluating the change in said speed (n)
caused by said angle change for determining said one
engine which is defective.

3. The multi-engine drive system of claim 1, wherein
said first and second engines have respective first and
second crankshafts, said crankshafts being rigidly con-
nected together to define said crankshaft means.

4. A multi-engine drive system comprising:

a first engine having a first throttle flap;

a first mixture preparation apparatus corresponding

to said first engine

a second engine having a second throttle flap;

a second mixture preparation apparatus correspond-

ing to said second engine;

crankshaft means common to said engines so as to be

driven thereby; |
a control unit common to said first and second en-
gines for controlling and modulating the position
of said first throttle flap with a periodic first test
function F1 and for controlling and modulating the
position of said second throttle flap with a periodic
second test function F2, said second test function
F2 being the mirror image of said first test function
F1;

detection means mounted on said crankshaft means
for detecting a modulation of the rotational speed
(n) thereof in response to said test functions when
one of said engines is defective and to provide a
signal indicative of the defect; and,

said control unit being connected to said detection

means for receiving said signal and recognizing

said speed modulation to provide a signal indicat-

ing the presence of the defect.
* * L * X
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